This compilation reports the tRNA genes detected on higher plant mitochondrial genomes subdivided into the widely accepted categories of 'genuine' and 'chloroplast-like' genes. Moreover, it includes a list of pseudo or truncated genes divided in the same way.
INTRODUCTION
The tRNA genes present in higher plant mitochondrial genomes show the unique feature of a double origin (1) . Indeed some of them are located on chloroplast DNA regions inserted into the mitochondrial genomes during their evolution. These genes, usually classified as 'chloroplast-like', still retain a high sequence similarity (95-100%) with their chloroplast analogues. They represent about one third of all the tRNA genes identified on the higher plant mitochondrial genomes. Interestingly, only the tRNA genes, among those present on the imported chloroplast DNA fragments, may be actively transcribed in the mitochondria.
The other tRNA genes detected on the higher plant mitochondrial genomes show a sequence similarity with their chloroplast counterparts of 65-80% and are usually classified as 'native' or 'genuine' mitochondrial genes (1) .
Exhaustive analysis of the tRNA genes present on the higher plant mitochondrial genomes has also demonstrated that these genomes do not contain a complete set of tRNA genes (2) (3) (4) . Genes for tRNA-Ala, tRNA-Arg, tRNA-Leu, tRNA-Thr, tRNA-Val have never been detected or, if present, are not active. The import into the mitochondria of cytoplasmic tRNA molecules, corresponding to the missing tRNA genes has been observed in several plants (see 5 for a review and 6).
Description of the compilation
The aim of this compilation is to update the tRNA genes identified on the higher plant mitochondrial genomes. It contains 115 sequences, 44 more than those present in the last compilation on tRNA genes (7) . Complete gene sequences are reported in Table 1 .
Pseudo-genes and truncated genes, which are particularly diffuse on higher plant mitochondrial genomes owing to the numerous rearrangements occurred in the course of their evolution, are listed separately in Table 2 .
Sequences corresponding to the 't-elements' detected in wheat (26 and references therein) and to the pseudo-gene found downstream of the trnfM in potato (27) , which do not show any similarity with known tRNA genes or molecules, have not been reported.
The higher plant mitochondrial tRNAs show a highly conserved canonical structure as compared with the secondary structures of their counterparts in metazoa and nematodes. The sequences of their genes have been divided into the classical tRNA domains according to Sprinzl et al. Genuine and chloroplast-like genes are listed separately. For each gene, sequences belonging to dicotyledonous plants are reported before those obtained from monocotyledonous plants, with the first of the monocots indicated by an asterisk. This further subdivision derives from the observation that the distribution of tRNA genes is not identical between monocotyledons and dicotyledons. The trnC and trnF genes, for example, have a chloroplast origin in monocotyledons, while they are genuine mitochondrial genes in dicotyledons (4, 5) . A different origin has also been observed for the trnG gene. A genuine trnG gene has been identified in several dicotyledonous mitochondrial genomes, but it has never been reported for a monocotyledonous plant. On the contrary, it has been shown that the mitochondria of the monocotyledonous Triticum aestivum are * To whom correspondence should be addressed (7) . Nucleotide 57 was reported as C in (7) and in the original paper (11), but it is a G in the sequence submitted to the Databases. (e) Nucleotide C 4 is edited to U in the mature tRNA (8) . (f) Nucleotide C 4 is edited to U in the mature tRNA (12) . (g) The gene was reported as trnM in the original paper (14) and in (7). However it has been shown by tRNA sequencing that the analogous potato gene codes for a tRNA-Ile (L*AU) (L*=lysidine-like hypermodified nucleotide) (15) . (h) The same gene seems to have been published twice by different authors (16, 17) . (7). (m) The gene is present in double copy in the Triticum aestivum mitochondrial genome (18) . (n) Evidence for the transcription of more than a single trnQ gene has been reported (19) . (o) A Phaseolus vulgaris mitochondrial trnS(GCT) gene was reported in the last compilation of tRNA genes (7). Our controls failed to find the reported sequence either in the literature or in the Databases. (p) The gene was reported as a chloroplast gene in (7) where three nucleotides of the variable region were also omitted. (q) Position 0 was empty and nucleotide C 56 was omitted in (7). (r) Nucleotide 31 was reported as C in (7). (s) The gene was reported with a TAA anticodon in (7) due to a different subdivision of nucleotides among the domains. Table 1. able to import a tRNA-Gly from the cytoplasm (18) . The reason for the heterogeneous origin of tRNA genes in higher plant mitochondrial genomes is not known, but the different distribution of the mitochondrial tRNA genes between monocotyledonous and dicotyledonous plants suggests that evolutionary events may have played a relevant role in this distribution.
Transcription analysis of tRNA genes in higher plant mitochondria shows that not all the tRNA genes are transcribed. A + or -sign in Table 1 indicates, when available, the result of this analysis.
The sequences reported in Table 1 and Table 2 have been deposited in the European Bioinformatics Institute (EBI) Data Library. Information on how to obtain the sequences can be requested by electronic mail at the Netserv@ebi.ac.uk address,
